In temporal lobe epilepsy, sprouting of hippocampal mossy fiber axons onto dentate granule cells creates a recurrent excitatory network. Unlike mossy fibers projecting to CA3, these sprouted mossy fiber synapses display prominent short-term depression, which could limit their participation in epileptiform activity. However, we reveal that a lack of tonic adenosine-mediated inhibition at these synapses contributes to an elevated probability of glutamate release and enables reverberant circuit activity.
sprouted mossy fiber inputs from other inputs, we used DcxCre::ChR2 mice to specifically activate sprouted mossy fibers while recording from Channelrhodpsin2 (ChR2)-negative (unlabeled) granule cells 4, 9 ( Fig. 1a-c ; Supplementary Fig. 1 ). Optogenetic stimulation evoked EPSCs in dentate granule cells only from pilocarpine-treated mice ( Fig. 1d,e ; also see ref. 4 ).
Postsynaptic cells filled were with dye during recordings and did not have hilar basal dendrites (0 of 32 cells; Fig. 1c ), indicating that LED-evoked responses originated from recurrent (sprouted mossy fiber) synaptic inputs.
In addition to monosynaptic sprouted mossy fiber -GC (smf-GC) EPSCs, we frequently observed LED-evoked epileptiform activity after single light pulses ( Furthermore, as optogenetic stimulation only triggered single spikes in ChR2-expressing granule cells (number of AP: 0.98 ± 0.09, n = 5 cells), this suggests sprouted mossy fiber activation also drove multiple rounds of polysynaptic activity, through recurrent excitatory connectivity in the dentate gyrus. Given the paucity of surviving hilar mossy cells observed in the pilocarpine model as well as in several other models of epilepsy [10] [11] [12] , this recurrent excitation likely originated through activation of sprouted mossy fibers.
Unlike healthy mossy fiber -CA3 synapses 1 , sprouted mossy fiber synapses exhibit profound frequency-dependent short-term depression during repetitive activation ( Supplementary Fig. 3 , see also ref. 4), which may limit their ability to drive multiple rounds of postsynaptic firing 5 . Thus, we compared patterns of spike generation in response to a short 10
Hz train of optogenetic stimulation in CA3 pyramidal cells or unlabeled granule cells. In striking contrast to synaptic facilitation and delayed spike generation at mf-CA3 synapses, 10 Hz stimulation induced spikes only at the beginning of the train at sprouted mossy fiber synapses (Fig. 1f,g ). Importantly, the lack of change in action potential fidelity indicated that this firing pattern did not result from a failure to activate sprouted mossy fibers in epileptic brains (Supplemental Fig. 1 ) but rather resulted instead from reduced glutamate release later in the train. Despite the profound short-term synaptic depression at these synapses, activation of postsynaptic firing with single pulses was clearly sufficient to trigger multiple rounds of recurrent activation (Fig. 1d ).
The frequency-dependent short-term depression and the robust initial recruitment of postsynaptic cell firing during recurrent activation (Fig. 1g) (Fig. 2a) . The rate of decay was faster for sprouted mossy fiber synapses (Fig.   2b ), indicating a higher Pr at sprouted mossy fiber synapses (Fig. 2c) . Interestingly, MK-801 block rate at smf-GC synapses was better fit by a double-exponential decay model (Fig. 2b) whereas at mf-CA3 synapses, a single exponential model was sufficient, suggesting increased synaptic heterogeneity at sprouted mossy fiber synapses 13 . Overall, the increased Pr at sprouted mossy fiber synapses likely exacerbates granule cell firing and therefore the spread of recurrent excitation in epileptic brains.
Extracellular adenosine tonically inhibits neurotransmitter release at healthy mossy fiber synapses in CA3 via A1-type adenosine receptors (A1Rs) located on mossy fiber boutons, and tonic activation of pre-synaptic A1Rs contributes to the profound short-term facilitation at these synapses 14, 15 . As altered adenosine metabolism may be a contributing factor in epileptogenesis [16] [17] [18] , we posited that sprouted mossy fibers might manifest an increased Pr due To distinguish whether the lack of tonic A1R-mediated inhibition at sprouted mossy fiber synapses resulted from an absence of adenosine receptors, we washed on the selective A1R agonist, 2-Chloro-N 6 -cyclopentyladenosine (CCPA, 1 µM). CCPA reduced sprouted mossy fiber EPSCs (Fig. 3c,d ) and increased paired-pulse facilitation ( Supplementary Fig. 4 ), indicating that A1Rs were present and functional on sprouted mossy fiber terminals. Although CCPA decreased the probability of release at sprouted mossy fiber synapses, it did not restore frequency facilitation ( Supplementary Fig. 5 ), suggesting that the molecular mechanisms underlying synaptic facilitation at mossy fiber terminals cannot be restored solely by increasing A1R activation.
Finally, to test if reduced A1R activation and increased Pr at sprouted mossy fiber synapses contributes to recurrent circuit activation, we determined the effect of A1R activation in hippocampal slices from epileptic mice. When applied to slices demonstrating polysynaptic bursts after sprouted mossy fiber activation, the A1R agonist CCPA reduced the number of EPSCs in the polysynaptic burst as well as the relative amount of charge transfer carried by the burst (Fig. 3e,f) . Together, these data indicated that reduced A1R activation at granule cell outputs contributes to hyperexcitability in the dentate gyrus in epileptic brains.
Notably, adenosine agonists can reduce the severity of seizures 19, 20 . Although seizure activity in epileptic brains likely results from multiple hyperexcitable circuit elements, the lack of tonic adenosine signaling in the dentate gyrus profoundly enhances sprouted mossy fiber transmission by setting a high Pr for glutamate release, shifting sprouted mossy fiber synapses from "conditional detonators" to "early detonators", which can drive recurrent circuit activation and bursts of EPSCs. Whether these recurrent circuits drive seizure activity in vivo has been debated 5, 6 , however the extensive formation and properties of recurrent excitatory circuits provide avenues for buildup of excitation during seizures.
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Slice Physiology
Acute brain slices for ex vivo electrophysiology were prepared similarly as previously described. In brief, four-month-old male DcxCre::ChR2 mice were anesthetized with 4%
isoflurane, followed by injection of 1.2% avertin (Sigma-Aldrich). Mice were transcardially perfused with 10 mL of ice-cold N-methyl-D-glucamine (NMDG)-based cutting solution, containing the following (in mM): 93 NMDG, 30 NaHCO3, 24 glucose, 20 HEPES, 5 Na-ascorbate, 5 N-acetyl cysteine, 3 Na-pyruvate, 2. For all experiments, significance was determined by p < 0.05 (*p <0.05, **p <0.01, ***p < 0.001).
All summary data is presented as mean ± SEM.
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